This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Megens 1-10-5 

Serial No. 10/040017 

Filing Date: January 4, 2002 

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19* World Intellectual Propertv Organization 
International Bureau 

(43) International Publication Date 
19 July 2001 (19.07.2001) 




PCT 



(10) International Publication Number 

WO 01/51990 Al 



(51) International Patent Classification 7 : G03C 5/00 

(21) International Application Number: PCT/US01/01 124 

(22) International Filing Date: ! I January 2001 (I I 01 2001 > 
(25) Filing Language: Linglish 



(26) Publication Language: 



Knglish 



(30) Priority Data: 

09/482.193 



12 January 2000(12.01.2000) US 



(71) Applicants: SEMICONDUCTOR RESEARCH CORP. 

[US/US); P.O. Box 12053, Research Triangle Park. NC 
27709-2053 (US). CORNELL RESEARCH FOUNDA- 
TION, INC. [US/US]; 20 Thornwood Drive. Suite 105. 
Ithaca. NY 14805 (US). MASSACHUSETTS INSTI- 
TUTE OF TECHNOLOCY [IJS/US1; 77 Massachusetts 
Avenue, Cambridge, MA 02139 (US). 

(72) Inventors: GLEASON, Karen, K.; 100 Pleasant Street. 
Lexington. MA 0242 1 (US). OBER, Christopher: 52 Ge- 
nung Circle, Ethaca, NY 14850 (US). HERR, Daniel; 1704 
Fcrrell Road. Chapel Hill, NC 27514 (US). 



(74) Agents: DOW, Karen, B. et al.; Townsend and Townsend 
and Crew LLP. 2 Embarcadero Center. 8th Ploor. San Fran- 
cisco. CA 941 1 1 (US). 

(31) Designated Stares (.national): AE, AG. AL. AM. Al. .\U. 
AZ, BA. BB, BG. BR. BY. BZ. CA. CH. CN. CR. CU. CZ. 
DE. DK, DM. DZ. EE. ES, FI, GB, GD. GE. GH. GM. f IR. 
HU. ED. IL. IN, IS. JP, KE. KG, KP. KR. KZ, LC. LK. LR. 
I.S. LT. LU, LV, MA. MD. MG. MK. MN. MW, MX. MZ. 
NO. NZ, PL. PT. RO. RU. SD. SE, SG. SI. SK, SL. TJ. TM. 
TR, TT. TZ. UA. UG, UZ, VN. YU. ZA. ZW. 

(84) Designated States (regional): ARrPO patent (GH. GM. 
KE. LS. MW. MZ. SD. SL, SZ. TZ. UG, ZW), Eurasian 
patent f AM. AZ. BY. KG. KZ. MD. RU. TJ. TM). Kuropean 
patent (AT. BE. CH, CY. DE, DK. ES. FT. FR, GB. GR. IE. 
IT, LU, MC. NT. PT, SE. TR). OAPl patent (BF, BJ. CF. 
CG. CI, CM, GA. GN. GW, ML. MR. NE. SN. TD. TG). 

Published: 

— with international search report 

— before the expiration of the time limit for amending (he 
claims and to be republished in the event of receipt of 
amendments 

[Continued on next p<J?e/ 



(54) Title: SOLVENTLESS. RESISTLESS DfRECT DFELFCTRIC PATTERNING 



Dielectric depositor 

Deposition of 
pattemable layer 

Selective 157-nmo 
e-oeam exposure 

Development in 
supercritical CO2 

Dielectric patterning 

Stripping of 
pattemable layer 



PROCESS 1 
Photoresist & 
Dielectric 



PROCESS 2 
Photosensitive 
Dielectric 




Wet chemistry 
eliminated 



Direct dielectric patterning 



ON (57) Abstract: Provided is a process for lithographically patterning a material on a substrate comprising the steps of fa) deposing 
^ a radiation sensitive material on the substrate by chemical vapor deposition; (b) selectively exposing the radiation sensitive materia! 
1^ to radiation to form a pattern; and (c) developing the pattern using a supercritical fluid (SCF) as a developer. Also disclosed :> j 
— * mic restructure formed by the foregoing process. Also disclosed is a process for lithographically patterning a material on a sebNirj;e 
^ wherein after steps (a) and (b) above, the pattern is developed using a dry plasma etch. Also disclosed is a microstructure comprise 

a substrate; and a patterned dielectric layer, wherein the patterned dielectric layer comprises at least one two-dimensional feature 
^ having a dimensional tolerance more precise than 7%. Also disclosed is a microelectronic structure comprising a substrate; a plur^: -.s 

of transistors formed on the substrate; and a plurality of conductive features formed within a dielectric pattern, wherein the plural:^ 
^ of conductive features include at least one two-dimensional feature having a dimensional tolerance more precise than 7^. 



wo oi/s 1 990 a i iaiiininiiiiiiiiiiiiMBiiiiiiiiRiiiiiiinii 



For two-leiter codes and other abbreviations, refer to (he "< hid- 
ance Sotes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 01/51990 



PCT/USO 1/0 1124 



SOLVENTLESS, RESISTLESS DIRECT DIELECTRIC 

PATTERNING 



5 STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER 

FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT 

This invention was made in the course of research sponsored in part by the National 

Science Foundation. The U.S. Government may have certain rights in this invention. 

10 FIELD OF THE INVENTION 

This invention relates to methods of lithographic patterning using solvent- 
free compositions. The invention also relates to direct patterning without resists. 

BACKGROUND OF THE INVENTION 
Current lithographic processes employed by the microelectronics industry 

15 have significant environmental, safety and health (ESH) impacts. The fabrication of 
semiconductor devices uses photoresist to lithographically define features at every mask 
level. Advanced complementary metal oxide semiconductor (CMOS) and bipolar 
integrated circuit (IC) processes can require in excess of twenty-five mask levels. This 
large number of processing steps results in significant volumes of chemicals being 

20 consumed. Wet solutions are used for the application of the photoresist layer and during 
the development step. Thus, improved resist processing presents a clear need and an 
opportunity to reduce the ESH impact of microelectronics manufacturing. The present 
invention fulfills this and other needs. 



25 SUMMARY OF THE INVENTION 

The present invention relates to a process for lithographically patterning a 
material on a substrate comprising the steps of: 

(a) depositing a radiation sensitive material on the substrate by chemical 
vapor deposition; 

30 (b) selectively exposing the radiation sensitive material to radiation to 

form a pattern; and 

(c) developing the pattern using a supercritical fluid (SCF) as a developer. 
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The present invention also relates tc microstnictures formed by the 
foregoing process. 

The present invention also relates to a process for lithographically 
patterning a material on a substrate wherein after steps (a) and (b) above, the pattern is 
developed using a dry plasma etch. 

The present invention also relates to a microelectronic structure 
comprising a substrate; and a patterned dielectric layer, wherein the patterned dielectric 
layer comprises at least one two-dimensional feature having a dimensional tolerance more 
precise than 7% of dimension of the two-dimensional feature. 

The present invention also relates to a microelectronic structure 
comprising a substrate; a plurality of transistors formed on the substrate; and a plurality of 
conductive features formed within a dielectric pattern, wherein the plurality of conductive 
features include at least one two-dimensional feature having a dimensional tolerance 
more precise than 7% of the dimension of the two-dimensional feature. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a comparison of a conventional process employing a sacrificial 

photosensitive resist layer with one using direct dielectric patterning. 

Figures 2A and 2B show atomic force micrograph of electron-beam 

patterned fiuorocarbon films. Figure 2A shows the pattern before development with 

supercritical CO2 and figure 2B after development. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Conventional photoresists are applied by spin-on technology. Typically, 
only a few percent of the material that is dispensed onto the silicon wafer actually 
becomes the photoresist layer and the rest becomes waste (1). The waste solution 
typically contains polymeric matrix material, photosensitive agents and solvents. Thus, 
spin-on resists result in large volumes of waste material, which require safe and costly 
disposal. The resist solutions are usually combustible, so the materials are held at 
temperatures below their flash point (2). Also, spin-on processes pose potential risks for 
worker exposure to solvents. Regulatory constraints on volatile organic chemical ( VOC) 
emissions have motivated efforts to design revolutionary processes (3). Thus the use of 
vapor deposition processes and the use of supercritical carbon dioxide (SCF CO2) as 
developer may provide critical alternatives to the present solvent-based approaches. 
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After optical expusuie, the pattern in a photoresist layer must be 
developed. As critical feature size diminishes, the selectivity and environmental 
friendliness of the solvent used as the developer becomes increasingly important. 
Suitable alternative solvents with very high selectivity and adjustable solvating power are 
therefore required. The application of liquid developers in the mainstream production 
environment generates enormous waste streams causing great environmental concern. 
These properties are not adequately addressed by the aqueous base solutions currently in 
use. Thus again there are potential opportunities in using such liquids as SCF CO2, not 
only for environmental reasons but because simple adjustment of pressure and/or 
temperature can provide a means of optimizing solvent behavior. 

Environmental and economic driving forces also favor reducing the 
number of processing steps required for IC production. This could be achieved by 
combining the functionality of photosensitive and low dielectric constant thin films. 
Fluoropolymers and organosilicon films (both types of polymers being soluble in SCF1 
C0 2 ) have low dielectric constants and good thermal stability, desirable characteristics for 
future interconnect insulating materials. If the patterned photoresist layer can be imaged 
and also satisfy the requirements for low dielectric constant interlevel dielectric materials, 
a great number of processing steps would be eliminated. 

The first step in the present process for lithographically patterning a 
material on a substrate involves depositing a radiation sensitive material on the substrate 
by chemical vapor deposition (CVD). Thus no organic solvent is used during resist 
deposition. CVD includes pulsed plasma enhanced chemical vapor deposition (PECVD) 
and pyrolytic CVD as well as continuous PECVD. 

Plasma polymerization is a common method for depositing fluorocarbon 
and organosilicon thin films (1,2). The fluorocarbon polymers and organosilicon films 
comprise the radiation sensitive materials of the present invention. PECVD uses 
continuous radio frequency (rf) power to excite the precursor gases in order to deposit 
films within the glow discharge region. The resulting plasma contains ions, radicals, 
excited species and neutrals from which solid coatings are deposited. 

With pulsed PECVD and pyrolytic CVD methods, the as-deposited films 
are anticipated to have fewer crosslinking sites than their continuous PECVD 
counterparts. Thus, irradiation resulting in the production of cross-linking groups can 
result in dramatic differences in chemical structure. Increasing structural differences 
between the as-deposited and irradiated films should correlate to higher photolithographic 
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contrast. In addition, growth rates for the pyrc!y*ic processes are very high, which is a 
desirabie feature for commercialization. 

Pulsed PECVD limits the duration of plasma excitation and thus affords a 
degree of control over the reaction pathways available to the feed gas. The 
5 concentrations of species under these dynamic conditions can be very different than those 
achieved at steady state. In addition, plasma damage of the growing films by ion 
bombardment and LTV irradiation is reduced. Reasonable film growth rates can be 
maintained because deposition continues after the plasma is extinguished. 

Pyrolytic CVD of fluorocarbon has previously been reported (4). In this 
10 process, decomposition of the feed gas occurs over a hot filament or plate in vacuum, 
while the growth substrate is maintained around room temperature. The pyrolytic 
process, involves a different, and presumably less complex, reaction network than a 
plasma process. 

As used herein, the phrase "radiation sensitive material" refers to any 
15 polymer, or other film- forming material that becomes a resist or any composition that can 
be induced to etch, vaporize or ion implant to form a pattern. The term "radiation" 
includes thermal radiation as well as photonic radiation, including radiation from particle 
beam sources (such as electron beam, ion beam) as well as other types of electromagnetic 
radiation. 

20 In one embodiment, the radiation sensitive material of the present 

invention have low dielectric constants, typically less than 3.0. In one embodiment, the 
dielectric constant ranges from 1.9 to 2.7. 

In one embodiment, the radiation-sensitive material of this invention is a 
fluorocarbon polymer. In one embodiment, the fluorocarbon polymer of this invention is 

25 poly(CF 2 ) which is made by the polymerization of the reactive diradical difluorocarbene 
(:CF 2 ) (5). Hexafluoropropylene oxide (HFPO) is used as a thermal source of the radical 
difluorocarbene (:CF 2 ) (5). While not wishing to be bound by theory, it is believed that 
the unimolecular pyrolytic decomposition of HFPO proceeds according to the following 
scheme: 

30 Scheme 1 

o 0 
F3C — c—^cf 2 f 3 c — c — f + cf 2 
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ESH impact of a CVD process can be minimized through the design of the 
deposition chemistry. This design involves several steps. The first is selection of CVD 
precursor gases which are as benign as possible. In addition, known primary reaction * 
pathways of these precursors should not result in hazardous effluents. Next, reactor 
5 conditions can be found which efficiently react gas to form film. These steps minimize 
material and energy utilization as well as effluent gas production. 

In one embodiment, the radiation sensitive material is an organosilicon 
film. The production of organosilicon films by pyrolytic CVD has been previously 
reported (6). Growth rates of this type of film deposition are high (well over 3,000 

10 A/min). High deposition rates increase throughput and reduce cost. Fast growth rates 
also minimize chemical consumption and effluent. 

The organosilicon films of the present invention include organosilanes and 
organosiloxanes. Examples of organosilanes include without limitation 
tetraethylorthosilicate, diethylsilane, tetramethylsilane and triethyoxysilane. In one 

15 preferred embodiment, the organosilicon film used as the radiation-sensitive material is 
derived from hexamethylcyclotrisiloxane, octamethylcyclotetrasiloxane or a mixture 
thereof. Polyorganosiloxanes can also be deposited by pyrolytic CVD. Methods of 
forming a silicon oxide film on a heated substrate by chemical vapor deposition (CVD) 
using an organosilicon compound gas and oxygen gas are disclosed in U.S. Patent 

20 5,593,741. The use of vapor deposited organosilicon compounds as a dry resist is 

described in U.S. Patent 5,439,780. The fluoropolymers and organosilicon films of the 
present invention allow for direct dielectric patterning. 

In one embodiment, a photoacid generator is included in the first step of 
the present process, namely the depositing of radiation sensitive material on the substrate 

25 by CVD. Upon exposure to radiation, the photoacid generator generates an acid. Suitable 
acid generators include triflates (e.g., triphenylsulfonium triflate or bis-(t-butyl phenyl) 
iodonium triflate), pyrogallol (e.g., trimesylate of pyrogallol), onium salts such as 
triarylsulfonium and diaryl iodonium hexafluorantimonates, hexafluoroarsenates, 
trifluoromethane sulfonates, perfluoro alkyl sulfonium iodonium salts, and others; 

30 trifluoromethanesulfonate esters of hydroxyimides, alpha-alpha'-bis-sulfonyl 

diazomethanes, sulfonate esters of nitro-substituted benzyl alcohols and napthoquinonc-4- 
diazides and alkyl disulfones. Other suitable photoacid generators are disclosed U.S. 
patent 4,491,628 and 5,071,730. 
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The second step of the process involves exposing the radiation sensitive 
material to radiation to form a partem. The radiation used to irradiate the radiation 
sensitive material includes ultraviolet radiation, deep ultraviolet radiation, extreme- 
ultraviolet radiation (soft x-rays), the radiation corresponding to the gap between soft x- 
5 rays and deep ultraviolet radiation, x-rays, electron beam, and ton beam radiation. In one 
embodiment, the wavelength of the deep uv radiation ranges from 120 nm to 450 nm, and 
in one embodiment 157 nm, in one embodiment 193 nm, and in embodiment 246 nm. 

The third step involves developing the pattern using a supercritical fluid 
(SCF) as a developer. A SCF is defined as any fluid at a temperature that is greater than 

10 its critical temperature and at a pressure that is greater than its critical pressure. 
Photography using aqueous base development has become the workhorse of the 
electronics industry. Any developer that replaces aqueous base should provide superior 
images than possible with today's resist materials. Using current processes, there has 
been remarkable progress in the miniaturization of electronic devices over the last 2-3 

1 5 decades. The trend in the electronics industry toward miniaturization and increased 
complexity of the ICs demands tremendous improvement both in the chemistry of the 
resists as well as in their processing. This has put tremendous pressure on resist design 
and developer usage. As target dimensions continue to decrease, the selectivity of the 
developer becomes increasingly important in achieving high-resolution features. Solvents 

20 with such selectivity include supercritical fluids (SCF), unusual solvents with many 
characteristics not found in conventional liquids. The unique properties of these fluids 
include liquid-like densities, gas-like diffusivities and viscosities, negligible surface 
tension and pressure adjustable solvating power (7). Suitable examples of supercritical 
fluids include carbon dioxide; mixtures of carbon dioxide with at least one of butane, 

25 pentane, toluene, cyclohexane, acetonitrile, and methanol; 2,3-dimethylbutane; ethanol; 
n-hexane; propane; propane/water mixtures; sulfur hexafluoride; propane; and ethane. In 
one preferable embodiment, the supercntical fluid is supercritical carbon dioxide (SCF 
C0 2 ), owing to its nontoxic, nonflammable nature and very low cost. Using SCF CO2 as 
a developer eliminates much waste as is involved with using traditional aqueous base 

30 developers. 

Along with being an extremely selective solvent, it is considered to be an 
"environmentally responsible" solvent both because it is not ozone depleting and due in 
part to its ability to be recycled by simple compression-decompression steps. Presently, 
millions of gallons of wastewater from semiconductor processing facilities are treated 
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annually. Supercritical solvents offer the possibility of superior developer performance 
and simpler disposal or recycling «viih '.ess effort ;ir.d eApendicure of energy than current 
solvents. 

In one embodiment of the present invention, the step of developing the 
5 pattern is performed using a dry plasma etch, instead of SCF C0 2 . The basic technique of 
plasma etching will be well knownto those skilled in the art. A glow discharge is used to 
produced chemically reactive species (atoms, radicals and ions) from a relatively inert 
molecular gas. The etching gas is selected so as to generate species which react 
chemically with the material to be etched, and whose reaction product with the etched 
10 material is volatile. 

The substrates for the present process include pattemable substrate such as 
ceramic materials (such as glass), epoxy materials, plastic materials, semiconductor 
materials (such as silicon on semiconductor), silicon wafers, magnetic discs, and printed 
circuit boards. 

15 The present process for lithographic patterning encompasses both direct 

dielectric patterning as well as patterning with a resist. The direct dielectric patterning 
process is a resistless process wherein the patterned layer is used as an imagable dielectric 
in which the patterned layer remains as part of the device rather than being a sacrificial 
resist layer which is stripped away. The conventional patterning process uses the 

20 patterned layer as a resist, and this pattern is transferred to an underlying layer by etching 
and then stripping away the resist. Thus in a conventional process that uses a resist, the 
substrate comprises an underlying dielectric layer and a sacrificial resist layer on top of 
the underlying dielectric layer. Fig. I illustrates the comparison of the conventional 
process with the direct patterning process. The conventional scheme employs a sacrificial 

25 photoresist layer to pattern the dielectric layer. In the direct dielectric patterning process 
reduces the number of processing steps by using a photosensitive dielectric. The 
simplicity of the direct patterning process is favored by both environmental and economic 
factors. Also indicated in Figure 1 are steps in which the CVD and SCF CO2 can replace 
solution-based processes. 

30 In one embodiment of the present invention, the pattern on the substrate 

fanned by the direct dielectric patterning process is superior to a conventional process 
that does not use direct dielectric patterning. This is likely the result of fewer processing 
steps (see Figure 1), and an additional step is likely to introduce added distortions. As 
such, the line geometries, resolution, dimensional tolerance, and/or the aspect ratio 
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(height/width) of the patterns formed on the substrate are superior to those that be 
provided by a conventional technique chat does not utilize direct dielectric patterning. 

Thus, in one embodiment, the present invention provides a microstructure 
comprising a substrate and a patterned dielectric layer which comprises at least one two 
5 dimensional feature having a dimensional tolerance more precise than 7%, preferably 
more precise than 6%. Furthermore, when scaling a technology, it becomes increasingly 
difficult to sustain a constant dimensional tolerance as feature sizes are correspondingly 
reduced. Hence, it is advantageous to even maintain a dimensional tolerance at a level of 
7-8% , as dimensional tolerance tends to worsen (i.e., becomes less precise) with 

10 decreasing dimensions. As used herein, "microstructure" includes any structure that can 
be. created using integrated circuit technology including traditional electronic and 
microelectronic (including microelectromechanical) systems as well as combinations of 
the two systems. Thus, "microstructure" is inclusive of "microelectronic" structure which 
latter is produced by a microelectronic system. 

1 5 "Dimensional tolerance" here refers to the dimensional precision in 

production of the microstructure. Thus, for example, a 180 run structure having a 
dimensional tolerance of plus or minus 14 nm would have a dimensional tolerance in 
percent of (±14/180) times 100 or ±7.78% of the featured dimension. A "more precise" 
dimensional tolerance (higher precision) indicates a lower percentage number, i.e., lower 

20 than 7.78% of the featured dimension. While not wishing to be bound by theory, it is 
believed that the better dimensional tolerance and higher aspect ratio of the two 
dimensional features produced by the direct dielectric patterning process of the present 
invention over conventional process is due to the lower surface tension of SCF CO2 
which does not allow the microstructures to collapse and topple as readily as 

25 microstructures produced by the conventional process (which is not a direct dielectric 
process, but where images are transferred through a sacrificial resist layer as disclosed 
above). With regard to aspect ratios, it is believed that the conventional process can yield 
microstructures with a maximum aspect ratio of (4-5): 1 . However with direct dielectric 
patterning one can obtain microstructures with improved aspect ratios, preferably greater 

30 than 5: 1 ratios. Furthermore, when scaling a technology, it becomes increasingly difficult 
to sustain a constant aspect ratio for dimensional tolerance as nanoscale structures 
become increasingly more fragile and more vulnerable to fluid forces and dynamics. 
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In one embodiment, the microeiectronic structure comprises conductive 
features. Fcr example, conductive features such as transistors and metal lines may be 
formed by metallic deposition within the dielectric pattern as part of a process for forming 
transistors on the substrate. 
5 As can be seen from Figure 1 , on the left the conventional process employs 

a sacrificial photosensitive resist layer to pattern the dielectric layer. On the right, the 
number of steps is drastically reduced by use of a photosensitive dielectric. Such process 
simplicity is favored by both environmental and economic factors. The arrows on the 
right indicate steps in which the CVD and SCF CO2 can replace solution based processes 

10 (wet chemistry). 

The present invention also provides for a three-dimensional structure 
formed on a substrate. The three-dimensional structure is formed by a three-dimensional 
direct patterning process. Current lithographic processes, such as two photon patterning 
and holographic imaging enable the transfer of complex three dimensional structures into 

1 5 a resist film. However, this ability to write three dimensional structure in the resist is lost 
when the image is transferred into the etched substrate, as only a two dimensional 
mapping is transferred during the etching process. However, the present invention 
provides for the imaging of a three dimensional structure on the substrate, as it is not 
limited to a secondary transfer of an image or structure through a resist layer which only 

20 allows two-dimensional mapping. Thus the direct patterning process of the present 
invention allows the formation of a three-dimensional structure on a substrate. 

As mentioned above, a three dimensional imaging technique can be use to 
selectively expose a radiation sensitive dielectric material to radiation. Examples of such 
imaging technique include multi-photon patterning and holographic imaging. 

25 The production of three-dimensional sensible objects by multi-photon 

patterning is disclosed in U.S. Patent 4,288,861. By "multiphoton", it is meant to refer to 
the coincidence or intersection of at least two beams of electromagnetic radiation at a 
target location in a molecule with sufficient incident energy to effect a selected change of 
energy level within the molecule as by photon absorption. 

30 The use of holographic imaging in lithographic processes is well known to 

those or ordinary skill in the art. Methods for defining three-dimensional structure of an 
object using holographic imaging are disclosed in U.S. Patents 5,937,318; 5,910,660 and 
5,640,255. 
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Figures 2A. and 2B show atomic force micrograph of electron- beam (e- 
btam) patterned fluovocarbon films. Figure 2A shows ihe pattern produced by e-beam 
radiation before development with SCF C0 2 . The figure shows densification or 
volatilization. Figure 2B shows the pattern after development with SCF C0 2 and shows 
5 substantially removal of the material deposited by CVD (which was a fluorocarbon 
derived from hexafluoropropylene oxide (HFPO)) from the exposed regions. 

Each of the documents referred to in this application is incorporated herein 
in its entirety and for all purposes by reference. Unless explicitly indicated to the 
contrary, all numerical quantities in this description specifying amounts of materials, 
10 number of carbon atoms, and the like, are to be understood as modified by the word 
"about." 

While the invention has been explained in relation to its preferred 
embodiments, it is to be understood that various modifications thereof will become 
apparent to those skilled in the art upon reading the specification. Therefore, it is to be 
15 understood that the invention disclosed herein is intended to cover such modifications as 
fall within the scope of the appended claims. 
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■ WHAT IS CLAIMED IS: 

1 1 . A process for lithographically patterning a material on a substrate 

2 comprising the steps of: 

3 (a) depositing a radiation sensitive material on the substrate by chemical 

4 vapor deposition; 

5 (b) selectively exposing the radiation sensitive material to radiation to 

6 form a pattern; and 

7 (c) developing the pattern using a supercritical fluid (SCF) as a developer. 
1 2. The process of claim 1 that is a direct dielectric patterning process. 

1 3. The process of claim 1 wherein the substrate comprises an 

2 underlying dielectric layer and a sacrificial resist layer on top of the underlying dielectric 

3 layer. 

1 4. The process of claim 1 wherein the radiation sensitive material 

2 after selective exposure to radiation results in a positive-type resist. 

1 5. The process of claim 1 wherein the radiation sensitive material 

2 after selective exposure to radiation results in a negative-type resist 

1 6. The process of claim 3 further comprising the step of transferring 

2 the pattern from the sacrificial resist layer to the underlying dielectric layer by etching, 

3 and stripping away the sacrificial resist layer. 

1 7. The process of claim 1 farther comprising the step of: 

2 including a photoacid generator in step (a). 

1 8. The process of claim 1 wherein the chemical vapor deposition 

2 comprises pyrolytic chemical vapor deposition. 

1 9. The process of claim I wherein the radiation sensitive material has 

2 dielectric constant of less than about 3.0. 

1 10. The process of claim 1 wherein the dielectric constant of the 

2 radiation sensitive material ranges from about 1 .9 to about 2.7. 
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1 11. The process of claim 1 wherein the radiation sensitive material is 

2 selected from the group consisting of a fluorocarbon and an organosilicon compound, 

1 12.' The process of claim 1 1 wherein the fluorocarbon comprises 

2 poly(CF 2 ). 

1 1 3. The process of claim 12 wherein the poly(CF 2 ) is made by 

2 polymerization of difluorocarbene (:CF 2 ). 

1 14. The process of claim 13 wherein the difluorocarbene is derived 

2 from hexafluoropropylene oxide. 

1 15. The process of claim 1 1 wherein the organosilicon compound is 

2 selected from the group consisting of organosilanes and organosiloxanes. 

1 16. The process of claim 1 1 wherein the organosilicon compound is 

2 derived from at least one member selected from the group consisting of 

3 hexamethy Icyclotrisiloxane and octamethy Icy clotetrasiloxane. . 

1 1 7. The process of claim 1 wherein the radiation used to form the 

2 pattern is selected from the group consisting of deep ultraviolet radiation (DUV), extreme 

3 ultraviolet radiation, ultraviolet radiation (UV), and x-rays and ion beam. 

1 18. The process of claim 1 wherein the radiation used to form the 

2 pattern is electron beam radiation. 

1 19. The process of claim 17 wherein the wavelength of the deep 

2 ultraviolet radiation is a member selected from the group consisting of 193 nm and 157 

3 nm. 

1 20. The process of claim 1 wherein the supercritical fluid (SCF) is 

2 supercritical carbon dioxide. 

1 21. The process of claim 1 wherein the supercritical fluid (SCF) is a 

2 mixture of carbon dioxide and at least one member selected from the group consisting of 

3 propane, butane, 2,3-dimethylbutane, pentane, toluene, n-hexane, cyclohexane, 

4 acetonitrile, methanol, and ethanol. 
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1 22. The process of claim 1 wherein the substrate is a semiconductor 

2 substrate. 

1 ■ 23. The process of claim 1 wherein the substrate is a silicon wafer. 

1 24. The process of claim 1 wherein the substrate comprises an epoxy 

2 material, a ceramic material, a magnetic disc, or a printed circuit board. 

1 25. A process for lithographically patterning a material on a substrate 

2 comprising the steps of: 

3 depositing a radiation sensitive material on the substrate by chemical vapor 

4 deposition; 

5 selectively exposing the radiation sensitive material to radiation to form a 

6 pattern; and 

• 7 developing the pattern using a dry plasma etch. 

1 26. A microstructure formed by a process comprising the steps of : 

2 depositing a radiation sensitive material on a substrate by chemical vapor 

3 deposition; 

4 selectively exposing the radiation sensitive material to radiation to form a 

5 pattern; and 

6 developing the pattern using a supercritical fluid (SCF) as a developer to 

7 form the microstructure; wherein the process is direct dielectric patterning process. 

1 27. A microstructure comprising: 

2 a substrate; and 

3 a patterned dielectric layer, wherein the patterned dielectric layer 

4 comprises at least one two-dimensional feature having a dimensional tolerance more 

5 precise than 7% of the dimension of the two-dimensional feature. 

1 28. The microstructure of claim 27 wherein the patterned dielectric 

2 layer is formed by a direct patterning process. 

1 29. The microstructure of claim 28 wherein the direct patterning 

2 process comprises depositing a radiation sensitive dielectric material on said substrate and 

3 selectively exposing the radiation sensitive dielectric material to radiation. 
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t 30. The microstrucnire of claim 27, wherein the patterned dielectric 

2 layer is formed by a solventless lithographic process. 

1 31. The microstmcture o f c [aim 30, wherein the solventless 

2 lithographic process comprises using a supercritical fluid as a developer. 

1 32. A microelectronic structure comprising: 

2 a substrate; 

3 at least one transistor formed on the substrate; and 

4 at least one conductive two-dimensional feature formed within a 

5 dielectric pattern, wherein the conductive two-dimensional feature has a dimensional 

6 tolerance more precise than 7% of the dimension of the two-dimensional feature.. 

1 33. The microelectronic structure of claim 32, wherein the conductive 

2 feature further includes a plurality of transistors. 

1 34. The microelectronic structure of claim 32 wherein the conductive 

2 feature comprise at least one metal line. 

1 35. A microstructure comprising: 

2 a substrate; and 

3 a three-dimensional structure formed on the substrate, wherein the 

4 three dimensional structure is formed by a three-dimensional direct patterning process. 

1 36. The microstmcture of claim 35 wherein the three-dimensional 

2 direct patterning process comprises depositing a radiation sensitive dielectric material on 

3 the substrate and selectively exposing the radiation sensitive dielectric material to 

4 radiation using a three-dimensional imaging technique. 

1 37. The microstructure of claim 36 wherein the three-dimensional 

2 direct patterning process further comprises using a supercritical fluid as a developer. 

1 38. The microstructure of claim 36 wherein the three-dimensional 

2 imaging technique comprises two-photon patterning. 

1 39. The microstructure of claim 36 wherein the three-dimensional 

2 imaging technique comprises holographic imaging. 
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